DISCUSSION ON AVITAMINOSIS (B GROUP) IN TROPICAL AND TEMPERATE COUNTRIES Dr. Harriette Chick : The results of laboratory work on vitamin-B deficiency in relation to clinical experience.-Of the group of dietary factors known as the B vitamins only two members are sufficiently well defined at present to merit consideration as of importance in clinical medicine. These are: (i) the anti-neuritic, anti-beriberi (more heat-labile) vitamin B1; (ii) the anti-dermatitis, (?) anti-pellagra, (relatively heat-stable) vitamin B2, sometimes called vitamin G in the United States.
chief difficulty. Vitamin B1 is usually supplied as purified concentrates prepared from yeast or from the bran of cereals, vitamin B2 as a strongly heated yeast extract or as a concentrate from egg white.
It is not easy to say how far the results of such observations are applicable to the facts of clinical experience with defective human dietaries, where a single uncomplicated deficiency must be a rare occurrence. The circumstances of climate, poverty, and racial custom, which are the cause of one dietary defect, are usually also the cause of others. It is also more usual for deficiencies to be partial rather than complete, so that a clear-cut syndrome of symptoms will be relatively uncommon.
Relation of vitamin B1 (anti-neuritic) to human beriberi. In the experimental animal, whether mammal or bird, vitamin-B1 deficiency is marked by failure to grow, loss of appetite and weight, paralysis and muscular spasm leading to death if untreated, but yielding with dramatic swiftness to cure, if the missing vitamin is supplied.
This vitamin, the first to be detected, was discovered by Eijkman in Java in 1897, who observed among the poultry of the prison for which he acted as Medical Officer, symptoms reminiscent of those human inmates who suffered from beriberi. The fowls were fed on the surplus food scraps from the institution, and their diet was a replica of that of the prisoners, especially in its large content of highly milled -rice. These facts led Eijkman to connect the two diseases with a similar tetiology -and to pronounce in favour of a dietary theory for beriberi, at a period when current medical opinion favoured an infective one.
In many localities where beriberi is prevalent, the facts of its tetiology, prevention and cure have been found to be entirely consistent with the theory of causation by -an unbalanced diet deficient in vitamin B1, consisting too exclusively of a highly milled cereal, usually rice and, less frequently, wheat. Such has been found true of beriberi outbreaks among the rice-eating populations of Java (Jansen and Donath 1926) , the Philippine Islands (Albert 1915 ; Wells 1921), Siam (Theobald 1930) and Japan, and, in several of these localities, treatment is successfully carried out with vitamin B1 concentrates from rice polishings specially prepared by the authorities for the purpose. In India, however, medical opinion is not wholly in accord with this view (McCarrison 1924; Megaw 1930) and it is possible that in this instance the causes may be more complicated and the deficiencies in diet less simple and less complete. Outbreaks of beriberi developing among wheat eaters, where conditions of poverty or climate have limited the diet too exclusively to white wheaten bread and flour, were reported among British soldiers serving in the Great War in the Near East, and more recently in Labrador (Aykroyd 1930) and Iceland (Kolka 1933). Relation of vitamin B2 to human pellagra.
The experimental study of vitamin-B2 deficiency has been made chiefly on young rats. When receiving synthetic diets lacking vitamin B2 but complete in all other essentials (including the anti-neuritic vitamin B1), these animals show failure to grow and frequently, but not invariably, develop a symmetrical dermatitis, which was considered by Goldberger and his associates (1926), who first described the condition, to be the analogue of human pellagra. When using dogs as experimental animals, a severe stomatitis, "black tongue," was developed, which resembled another phase of pellagra symptomatology.
In Table III , which is taken from a paper by Aykroyd and Roscoe (1929), a list of cereals and other food are placed in the order in which they have been found effective for prevention and cure: (a) of vitamin B2 deficiency in rats; (b) of human pellagra in communities where the disease is endemic (Goldberger and others) (c) of "black tongue" in dogs. The striking similarity which is shown in the quantitative distribution among these foods of the dietary factor concerned in prevention of these three diseases leads irresistibly to the conclusion that they must be regarded as analogous. In consequence, the vitamin B2 deficiency theory has been accepted by the Goldberger school and other authorities in the United States as affording an adequate explanation of the facts of the aetiology of pellagra. A difficulty arises, however, in connexion with the almost universal association of epidemic pellagra with unbalanced diets containing maize as the staple cereal. Maize has not been found inferior to rice or wheat in content of vitamin B2 (Aykroyd 1930), see Table II , and yet a population subsisting too exclusively on these latter cereals does not develop pellagra, but beriberi. Rice endosperm was, found experimentally to be the poorest in vitamin B2 of all the cereals tested, yet among rice-eaters pellagra, although not unknown, is somewhat of a rarity. These are points on which further clinical knowledge is badly needed.
Relation of B vitamins to other diseases.
Suggestions have been made connecting lack of B vitamins with many other disorders, as for example, the severe primary antemias, sprue, cedema (as seen in "wet " beriberi, epidemic dropsy, or hunger cedema) and in acrodynia and other infantile disorders.
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The evidence derived from clinical observations of the above diseases usually consists in the fact that good results have followed treatment with yeast, liver, liver extracts or other materials which are also rich in B vitamins. An error may easily be made in attributing to the action of the latter, effects which may be due to other important, as yet unknown, constituents of these highly complicated foodstuffs.
Anemia.-The suggestion that vitamin-B2 deficiency may be a factor in causation of pernicious ana?tmia has received much attention (Strauss and Castle 1932; Wills 1931 Wills , 1933 and will be discussed later by Dr. Lucy Wills.
(Edema.-The various forms of epidemic dropsy, to judge from the literature, would seem to have separate setiologies. Good evidence was brought forward to show that the hunger cedema, common in Central Europe after the Great War, was due to a lack of protein food and to subsistence on diets low in calories and consisting too largely of root vegetables (Schittenhelm and Schlecht, 1919). In this connexion, however, it may be significant to note that the richest sources of B vitamins are found in foodstuffs also rich in protein of high nutritive value, e.g. yeast, liver, eggs. Outbreaks of cedema have also followed consumption of mouldy and deteriorated rice (Acton and Chopra 1925; Burnett 1933) and the condition is also typical of one common form of beriberi.
Acrodynia.-The association of vitamin-B deficiency with acrodynia (or "pink disease," or Swift's disease), the distressing malady of infants and young children characterized by intractable diarrhcea and typical skin lesions, has arisen from the good effects observed on this otherwise intractable condition bv dietary treatment with foods rich in these vitamins. Some recent observations are summarized in Table IV . The effect of treatment with liver and liver extract was especially rapid and impressive in the observations of MacDonald (1933) . Some authorities have seen in this infantile disorder the analogue of adult pellagra and it is significant that the two cases described by Mayerhofer (1930) had received a diet consisting almost exclusively of maize and that one case relapsed when maize was later introduced into the diet.
It is possible that other, less specific, departures from good health in infants and young children may be due to deficiency of B vitamins in the diet. In such cases the cause may only be recognized by observing the subsequent good effect when the diet is enriched with the vitamin in question. Thus Geiger and Rosenberg (1933) report a toxic condition prevalent in the spring among young infants in Jerusalem, which was cured by treatment with vitamin B1; they observed a strictly analogous chain of events in their experimental animals. Gy6rgy and others (1933) have stated that a form of "infantile sprue," with antemia, often occurs on a diet of goat's milk and yields to vitamin B2 therapy, given as yeast extract and soup prepared from heart muscle, together with iron.
A connexion between vitamin-B deficiency and tongue atrophy-a characteristic symptom of sprue and of pernicious antmia-has been stressed by several experimental workers (Hutter and Middleton 1933; Miller and Rhoads 1933) but, here again, it is probably erroneous, without further evidence, to attribute to the action of B vitamins the good results observed on treatment with liver or yeast. Deficiency of B vitamins due to faulty absorption. Vitamin deficiency may be caused either by actual lack in the diet or by faulty absorption from a diet of adequate vitamin content. Beriberi has not infrequently been observed in convalescent patients after dysentery and other disorders of the digestive system, as, for example, among the British troops in the Mediterranean area in the Great War (Willcox 1916). In such cases, however, the restricted diet would also be partly responsible. In pellagra, absence of gastric acidity is common (Mulholland and King 1933) and the appearance of the skin and other characteristic symptoms of the disease are usually preceded by chronic diarrhcea and digestive disturbance; a previous history of ulcerative conditions of the intestines was a constant feature in the great outbreak of pellagra among Turkish prisoners of war in Egypt immediately after the Great War (Searle and Stevenson 1920). Secondary pellagra, developing after tumours or surgical operations of the gastric and intestinal tract, is an analogous instance (Eusterman and O'Leary 1931) which is dealt with below by Dr. Levy Simpson.
Alcoholism and vitamin-B deficienicy. It has recentlv been suggested (iMinot, Strauss and Cobb 1933) that alcoholic polyneuritis may be regarded as a deficiency disease, analogous to the neuritis of beriberi. The alcoholic addict tends to neglect other foods and can rarely be said to enjoy a good diet; in addition absorption is impaired in the damaged intestinal tract. Alcoholic pellagra is a frequent disease in the United States (Boggs and Padget 1932; Spies and DeWolf 1933), and the connexion between alcoholism and pellagra has been recognized in other countries, e.g. Roumania (Aykroyd 1933), in districts where pellagra is endemic. Here the possibility of a toxic factor in maize should not be overlooked in view of the facts (a) that alcoholic pellagra has become much more frequent in America during the prohibition period, in which illicit whisky (" moonshine ") has been distilled principally from maize products, and (b) that the disease is almost unknown among alcoholic addicts in Europe, in districts where spirits are distilled from barley, or cereals other than maize.
Possible detoxicating action of B vitamins.
There are indications, derived alike from laboratory results and clinical experience, that vitamins may act as detoxicating agents for poisons either contained in the food as such, or derived therefrom by faulty metabolism in absence of adequate vitamin supply (Chick 1933) . Such a theory would explain the facts concerning the incidence of several diseases whose origin is at present obscure. The conviction that some toxic factor underlies the symptoms of beriberi and pellagra is continually shown in the writings of clinicians dealing with these diseases. Eijkman (1897) conceived the action of the newly discovered anti-beriberi vitamin in yeast or rice polishings to be the neutralization of a poison developed during metabolism of a diet consisting too exclusively of highly milled rice. Mellanby (1925) has shown that cereals contain a ' toxamin " which interferes with the correct metabolism of calcium and phosphorus, encouraging the development of rickets, and that the action of this toxamin can be neutralized by a sufficiency of the antirachitic vitamin D. The known facts concerning the ietiology of pellagra are in accord with a theory postulating a toxic substance present in maize and other pellagra-producing diets (or produced therefrom in metabolic processes in the body) for neutralization of which poison abundant vitamin B2 is required (Chick 1933 ). Other instances are the effects of vitamin A in correcting the poisonous action of ergot (Mellanby 1931) , and of yeast and liver in preventing the disorder produced in young rats receiving diets containing excessive amounts of egg white as protein (Boas-Fixsen 1927, 1931; Parsons 1931 Parsons , 1933 ).
These and many other suggestions contained in this paper are at present hypothetical to a high degree. They are put forward in the hope that they may be found worthy of the attention of clinicians working in these fields of disease, and may stimulate not only an active discussion but further research on many problems which are very obscure at the present time.
Professor R. A. Peters: The problem of vitamin B1 and beriberi has a history of at least 40 years [1] and is so well worn that it may be thought somewhat impertinent to suggest that we do not yet know all about the therapeutic use of the vitamin. In one sense I think that this arises from our very familiarity with the subject. Vitamin B1 has been used therapeutically for some time in the tropics [21, and in a reasonably pure state in Java, following the work of Jansen and Donath [3] . I wish to bring before you the significant new fact of the last year, that we can obtain to-day, with relative ease, really concentrated preparations of this vitamin [4] . Therefore the time has come to devote serious attention to investigation of possible conditions in which it may be of therapeutic value. For children in America vitamin-B1 deficiency has been much considered. The view, often expressed, that there is no vitamin-B1 deficiency in temperate climates, such as ours, among adults, rests at present upon mere assertion, backed by the general clinical impression that beriberi does not occur. This is of course obvious in the gross sense. Actually the question cannot be answered until it has been shown whether patients suffering from any of the well-known clinical manifestations of beriberi are in fact influenced or otherwise by vitamin-Bi therapy. There is a very thorough background of animal experiment to guide the clinical investigator in this field. It is well understood that controlled clinical experiments for instance in relation to cedema are difficult, but this provides no sufficient excuse for omission to perform them. It is only by the collective weight of clinical experience that this matter can be decided, because sufficient suitable cases for a decision are not likely to arise in the practice of any one individual. This is merely a statement of the obvious again, for which I plead as excuse a very strong belief that there do exist in this country cases of illness which may receive benefit from vitamin-B1 therapy.
I propose to sketch briefly the present position of research upon the chemistry of the vitamin-B complex, directing my remarks mainly to vitamin B1 and to emphasize the main features of animal experiments, including some discussion of the function of the vitamin, of its possible exhibition and its application.
The vitamin B complex has been divided by animal experimenters into some five or six entities [5] . Of these there is only time to mention vitamin B1 and B2, with regard to which the work is in some ways more advanced. Vitamin B2 has been lately divided by the work of German investigators [6] into two fractions, one of which is believed to be identical with a pure crystalline substance, and the other to have some relation to vitamin B4. The crystals are called flavines, and ovoflavine from egg white has the formula C171120N406, is yellow with a green fluorescence, and is highly sensitive to light, a point which may be of importance in relation to the light sensitivity of pellagrins; if confirmed it is a striking development of the discovery of vitamin B2 in egg white by Chick and colleagues [7] . The most interesting point to my mind is that some relation appears to hold between vitamin B2 and the essential constituent of Warburg and Christian's new oxidizing enzyme [8] . Such a relation between vitamins and enzymes has often been sought before in vain. Vitamin B1 is an entirely distinct entity from vitamin B2. Impure crystalline preparations were first reached by Jansen and Donath [3] from rice polishings. In the last two years, crystals of greater purity have been reached in several laboratories [8, 9, 10, 11] ; in at least two of these, including the author's laboratory at Oxford, from an original source of yeast. The remainder come from rice polishings. The hydrochloride of the base separates from acid absolute alcoholic solution in beautiful glistening plates. These become increasingly soluble as the proportion of water is increased. The crystals of different workers are alike in general properties, but still differ somewhat in potency, in chemical composition [10] , and in ultra-violet absorption spectrum [12] . They contain sulphur, and those from rice polishings appear to agree exactly with the formula C12H1802N4S2HC1. Some of the preparations from yeast contain more carbon and sulphur [13] . The most potent, and we can lay claim to possess these in Oxford, are curative to pigeons in doses of somewhat under 0-002 mg. per diem (approximately one international unit). At present my colleagues and myself think that the differences between preparations in different laboratories can probably be explained by the presence of varying admixtures of inactive and active vitamin. Activity appears to follow sulphur content, but it is not certain that pure vitamin B1 has yet been reached.
Dr. Chick has referred to the symptoms shown by animals suffering from vitamin-B1 deficiency. These have been well known since the earlier researches of Eijkmann Vedder and others (see also McCarrison [1] ). During the last twelve years, my colleagues and I have handled a large number of pigeons, averaging during the last eight years 1,000 or more a year. The most striking things noticeable in my opinion are as follows. The earliest symptom is always anorexia in the pigeon as in the dog (Cowgill and colleagues [14] ). This is not specific for vitamin-B1 deficiency. The most important specific symptom is of course the central nervous one, the so-called opisthotonus. With the onset of this go the disturbance of temperature regulation, a noticeable degree of blindness and certain well marked biochemical changes in the brain. The opisthotonus will clear up in some two hours with a large dose of vitamin by the mouth, in less when the vitamin is injected and within perhaps half an hour if it is injected into the cranium [15] . This is almost invariable, and precludes histological damage as its origin. The opisthotonus is functional. The insistence in the past upon pictures of histological change in avian polyneuritis has rather obscured this fact. We do occasionally see evidence of peripheral lesion, especially in young birds; there are cases of leg weakness which may not clear up for a montlh even when given vitamin B1, but these are exceptional. Under our laboratory conditions, again, we do not usually see the beriberi columbarum of McCarrison though we believe it to be present in a latent state, which Mr. Carter and I [15] [16] found may be developed by giving salt solution. Terrific retention of fluid may take place under these circumstances, amounting to some 50% of the body-weight; this may be completely cured by giving relatively very small amounts of active vitamin B1. This requires study in relation to current theories of oedema and plasma proteins.
To mention other significant points : pigeons have been given doses of upwards of 30-40 times the daily dose of vitamin B1, without visible effects [17] ; this is not surprising as excess is known to be excreted; but it is clear that no danger is likely to arise from moderate overdosage of the vitamin. There is much evidence to show that the amount of vitamin used bears some relation to the metabolic rate [14] . Lastly, in birds there is evidence of idiosyncrasy in response to a rice diet. I [15] believe that this will be very important if it can be shown that it applies to human needs. To some extent evidence already exists that this is so, because there are marked variations in the rate at which different individuals on the same diet get beriberi.
A complete understanding of the r6le of vitamin B1 would be helpful in clinical work. There have been two main theories of its action, which have been pursued rather energetically in the past: (1) that B1 is related to carbohydrate metabolism [18] , and (2) that it is an oxidative factor [19] . Previous experiments in support of one or other have not proved convincing [20] . Recent work has shown that the key to this problem lay in a biochemical investigation of the avitaminous pigeon's brain tissue, and that both theories have an element of the truth. It has been definitely proved in the Biochemical Laboratory at Oxford that in absence of the vitamin there is an oxidative "lesion" in the avitaminous pigeon's brain [21] , which is in some way connected with the metabolism of lactic acid, and therefore with carbohydrate. Absence of vitamin leads to increased lactic acid. The action of the crystalline vitamin upon the brain oxidases can be quantitatively investigated in vitro [22] , and has been made the basis of a method of estimation of the vitamin. Minute amounts-0 00003% and less-are active. Now the depletion of vitamin in the brain as estimated by oxidative method, runs roughly parallel with the development of symptoms, especially marked is the lesion in the lower parts of the brain. Hence the symptoms arise as the result of the biochemical lesion which follows the lack of vitamin B1. The alteration in the muetabolism of the tissue is profound, and extends to the respiratory quotient, which changes from 0 95 to 0 75 approximately, a carbohydrate to a fat value [23] . Roughly speaking the avitaminous brain has the metabolism of tumour tissue [24] . Together with these specific effects in the brain tissue, there is apt to be a generalized increase of lactic acid in the blood and in the heart, as R. B. Fisher has shown [25] . His work is important because it builds a bridge between the bird and the human in beriberi. The Japanese workers Hayasaka and Inawashiro [26] have shown that Section of Tropical-Diseases and Parasitology there is a defective removal of lactic acid from the blood of their patients. In the same field lie some recent observations in my laboratory, by Mr. R. H. S. Thompson [27] , who finds indications that the pigeon's kidney may show failure in oxidations relieved by vitamin B1 addition. If substantiated by further work, this will be of significance in explaining the latent cdema. In the bird it seems that lack of B1 more readily affects the brain, In other animals, such as man, the cedema suggests that affection takes place elsewhere. It is unlikely that the underlying tissue biochemical lesion is not the same in the two cases.
Bearing the above laboratory work in mind, I wish to press for a proper trial of vitamin B1 in clinical medicine [cf. 28] . To those engaged here in practical medicine, it would be presumption upon my part to suggest, as likely conditions will occur far more readily to you than to me. As an indication from the animal work and from the literature upon beriberi, we should look for its use, in the following conditions, at least: Loss of appetite; cedema; palpitation and breathlessness, especially when it can be shown that there is defective removal of blood lactic acid after exercise; neuritic conditions; painful muscles. I think it hardly necessary to point out that it is not my view that all examples of these conditions are due to lack of this vitamin. This would be manifestly absurd. Partioular cases will be so, and we cannot know which until we try. I had the privilege of being in Oxford in 1931 and 1932, in contact with two cases, which supplied most suggestive evidence, about which I hope that we shall hear in the discussion from Dr. Cope. There is also work from New Zealand by Carmalt Jones [29] , to suggest that we are on the right track. May I emphasize that vitamin-BL treatment can do no harm, and that its effects are very rapid. If no change takes place with 500 to 1,000 units vitamin B1 within two to four days, vitamin B1 defect may be excluded, provided that absorptive conditions in the intestine are reasonably normal. The purer vitamin can, of course, be injected. It is almost certain that fevers and conditions of high metabolic rate, such as hyperthyroidism [30] , should be watched for vitamin-B1 deficiency, as a routine. I should also like to see clinical trials of the vitamin in convulsive nervous disorders; from the work upon pigeon's brain it is reasonable to think that some may respond to such treatment.
With regard to the concentrates which should be used for these tests: Dried yeast, marmite, and so on are excellent sources of the vitamin for ordinary use, but relatively large amounts of these would have to be given to supply 500 to 1,000 units B1. This means the inclusion also of much inactive substance. I think that a patient should be able to get 1,000 units in 1 grm. or less of solid weight. If pure vitamin could be used, 2 0 mgm. would supply this amount. At present, there is still a high degree of technical chemical skill required to reach the crystalline vitamin. This will probably make it expensive, but there is no reason at all why commercial firms should not supply concentrates such as we make at Oxford, where we have worked up to the stage mentioned the vitamin from 400 cwt. of yeast in a week [4] . A detailed description of this method is now in print.
Before closing I should like to allude to a difficulty which I have found in the minds of some people with regard to bacteria. It has been said that because these synthesize vitamin Bi in some cases, therefore the vitamin need not be supplied.
The fallacies in this argument become clear upon realizing that (a) if the organisms contain the vitamin it cannot reach the individual, and (b) that there are bacteria which certainly can destroy it. In fact a prominent view of beriberi still held in some quarters is that bacteria contribute in some way to the final deficiency.
In conclusion the importance of this treatment for children and its great value to the expectant and nursing mother may be mentioned [31], but these facts and perusal of the literature relating to them would readily follow a conviction of the importance of the general thesis set forth.
Proceedings of the Royal Society of Medwcine 18 fed upon an exclusive diet of polished rice must be included a condition of sinus bradycardia usually associated with bundle-block. The condition ranges in severity from an occasional missed ventricular beat to complete dissociation of rhythm of auricles and ventricles. After the commencement of a diet of polished rice the heart-block is established at an earlier date than the polyneuritis and head retraction. It is usually well developed within ten to fifteen days, whereas head retraction generally occurs between the twentieth to thirtieth day. Examination of electrocardiographic records reveals the fact that the P waves and ventricular complexes have normal contours. Section of both vagi or paralysis of vagal tone with atropine completely abolishes the block, whereas equal stimulation of the peripheral ends of the cut vagi of normal and avitaminous birds induces a similar degree of bradyeardia in the two cases. These facts point to the conclusion that pigeon heart-block is nervous in origin, and due to an overaction of the vagal centres rather than to the influence of normal vagal tone upon a hypersensitive heart. In the rat Drury and Harris have shown that a sinus bradycardia without bundle-block develops as a sequel to feeding on a vitamin-B deficient diet. They find that, in contrast to what occurs in the pigeon, the condition is not abolished by vagal section.
It will be observed that the cardiac manifestations of beriberi in the pigeon and the rat differ from those seen in man. In the extensive literature on human beriberi there is no evidence of heart-block even when electrocardiographic records have been made, and the usual accompaniment of the " wet " form of the disease is dilatation of the right side of the heart, with tachyeardia and failure.
The fact that avian heart-block develops on a diet of polished rice and can be cured by an addition of whole yeast or wheat germ is indicative of a dietiry deficiency, but this deficiency is definitely not in B1.
Dr. Lucy Wills: Regarding vitamin-B deficiency in the anaemias: When the curative action of marmite in tropical macrocytic anemia was first observed, it was thought possible that some part of the vitamin-B complex was the haemopoietic factor. Castle also suggested that vitamin B2 might be the extrinsic factor in true pernicious anawmia. Clinical trials showed that vitamins B1, B2 and B4 had no haemopoietic effect. The evidence points to this extrinsic factor being a protein breakdown product which is frequently associated with, but separable from, vitamin B2. Professor S. J. Cowell: There is a widespread belief that a partial deficiency of the vitamin-B complex may be largely responsible for the prevalence in this country of gastro-intestinal disorders, particularly chronic constipation. McCarrison (1919) drew attention to changes in the structure and functioning of the intestinal tract of birds fed on polished rice. He described atrophy of the muscular coats of the intestine, degeneration of Auerbach's plexus and the occurrence of mucous diarrhoea, and pointed out that the pathological changes were similar to those found in many cases of intestinal stasis. Since then many laboratory workers have interested themselves in the problem, but their results have been conflicting. Gross (1924) could not confirm in rats the histological picture described by McCarrison as resulting from vitamin-B deficiency in birds, but found a delay in the passage of faces along the gut. Goudjonsson (1927), on the other hand, found an increased rate of movement of faces along the gut of rats fed on diets deficient in vitamin B. Kon and Drummond (1927) could detect no difference in the rate of passage of a barium meal through the intestines of pigeons fed on diets deficient in vitamin B and those partially starved. Woollard (1927) could find no evidence of degeneration of sympathetic nerves in animals suffering from vitamin-B deficiency.
Loss of appetite is a remarkably constant symptom of vitamin-B deficiency in experimental animals. Cowgill has produced evidence that this loss of appetite is associated with atony and diminution of the normal rhythmic contractions of the stomach, but even this has been questioned. Smith (1927) published tracings of normal gastric contractions in a dog showing severe symptoms of vitamin-B deficiency. Cowgill and his colleagues (1930) mention this work, and produce further evidence in favour of their original view, but they state that "the decrease in gastric contractions is not due to any specific and direct effect of lack of vitamin B in the diet."
The evidence derived from laboratory animals is obviously still inconclusive, and while it seems clear that gastro-intestinal disturbances of one kind or another are liable to appear in animals suffering from vitamin-B deficiency no characteristic changes, with the possible exception of gastric atony, have been definitely traced to the deficiency.
Gruenfelder and his colleagues (1932) have recently described a type of acute gastro-enteritis in infants which often responds dramatically to injections of a vitamin-B concentrate, and they have still more recently published further evidence for considering the condition to! be due primarily to vitamin-B deficiency.
The evidence for the view that chronic constipation is commonly due in this country to shortage of vitamin B is not altogether convincing. It is true that series of cases have been reported from time to time in which obstinate constipation was relieved by giving preparations of cereal germ, bran or yeast. But it is sometimes forgotten that such preparations contain a great many other substances than members of the vitamin-B complex. As Professor Peters has already suggested, thlere does not appear to be much chance of defining the exact part played by deficiency of the vitamin-B factors in the production of gastro-intestinal disorders until pure preparations of the factors are available for clinical trial.
Dr. S. Levy Simpson said that the condition known as secondary pellagra, first described by O'Leary in America (1926) and not hitherto reported on in this country, was clinically identical with pellagra, but thought to be secondary to primary gastro-intestinal lesions or malfunction. These were as follows: gastrectomy, gastro-jejunostomy, chronic gastritis, syphilitic gastritis, alcohol gastritis, carcinoma of the stomach, jejunostomy, duodenal feeding, stenosis of the small intestine, stenosis of the large intestine, carcinoma of the rectumi, chronic diarrhcea and idiopathic steatorrhcea.
An identical list could be put forward for those comparatively rare examples of " secondary " pernicious anemia and megalocytic hyperchromic antemias. Why in the one case the anti-pellagra factor (B2) and in the other case the anti-anaemic factor should manifest its deficiency it was difficult to say. It was of interest to note that although tlhese two factors were definitely not identical, yet they were present together in substances that were beneficial in pellagra and some hyperchromic anaemias, namely, marmite and certain liver extracts. O'Leary ascribed secondary pellagra to the fact that the intestinal lesion necessitated a poor diet deficient in vitamin B2. Thaysen referred to the exclusion of gastric digestion, and Turner to changes in intestinal bacterial flora. In his (Dr. Levy Simp3on's) opinion other factors should also be considered: (1) deficient absorption, (2) destruction of vitamin B2 by alkalin gastric contents.
[Dr. Levy Simpson briefly described a case of secondary pellagra in a woman, aged 46, who had had gastrectomy three years ago for duodenal ulcer. The skin lesion disappeared rapidly on a concentrated pure vitamin B2 preparation made from egg white by Miss Harriette Chick at the Lister Institute. A coincident secondary hypochromic antemia reponded to iron therapy. Biopsy of skin on the forearm showed hyperkeratosis and pigmentation in the basal layer of the epidermis-a microscopical picture identical with that of a typical case of asylum pellagra seen recently. Sections of skin taken by Professor Ledingham from Miss Chick's rats (fed on a vitamin B2 deficiency diet) showed a similar microscopic picture, but no pigment.]
Dr. C. C. Ungley summarized the results obtained in an investigation as to the nature of the factor in yeast efficient in the treatment of pernicious ancemia.' These were as follows:
(i) The negligible result obtained from the administration of vitamin-B2 concentrates in a patient with Addisonian pernicious anaemia, who subsequently responded well to an extract of autolyzed yeast, suggested that potency for blood regeneration in this type of anaemia is not proportional to vitamin-B2 potency as tested in rats.
(ii) A factor influencing blood regeneration in Addisonian pernicious anemia appears to be present in the 65% alcohol-soluble fraction of fresh brewer's yeast, and yeast from the same batch subjected to autolysis before extraction has not shown any noticeable increase in potency.
LThis work was performed with the assistance of a part-time giant from the Medical Research Council.
(iii) In an endeavour to avoid contact with traces of intrinsic factor possibly present in the gastric juice of cases of Addisonian pernicious anmmia, yeast products effective for blood regeneration when given orally have been administered by other routes. In spite of the negative results so far obtained from parenteral administration, there is as yet insufficient evidence for the conclusion that the effect of yeast in this disease is dependent solely upon the activation of extrinsic factor by traces of intrinsic factor in the patients' gastric juice.
(iv) No extract of yeast, autolyzed or otherwise, has proved sufficiently reliable to be of value for the routine treatment of Addisonian pernicious anamia. It is conceivable that satisfactory results may ultimately be obtained with more purified fractions, by the use of which it will be possible to administer extracts derived from several pounds of yeast daily.
Dr. Margaret Balfour said that she had been much impressed when in India, with the frequency of premature births, especially in Bombay, and thought that possibly deficiency of vitamin B1 was in some way responsible, especially as in many cases no clinical symptom could account for the prematurity. In the course of an inquiry carried on by Dr. Lucy Wills it was found that the mothers who had given birth to premature children were living on a diet deficient in vitamin B. Later the diets of mothers who had given birth to premature children were investigated in North and South India. In the North the diet is rich in vitamin B (wheat, da, vegetables and milk); in the South it is relatively poor (mainly polished rice, and small quantities of dAl and vegetables). There was some evidence that women of the North accustomed to the first-namned diet, when they changed to a rice dietary, were apt to be prematurely delivered.
The diets of 290 pregnant women in Bombay, beginning from the sixth month until delivery, were studied, and 12% had premature deliveries. The average calorie content was 1,500, and wheat and millet were the main source of vitamin B1. When 50% of the calories were derived from polished rice there were 19% of premature births, but when the same number of calories were obtained from wheat or millet there were premature deliveries. The incidence of premature birth varied with the amount of wheat taken. When the total cases were divided into four groups whose daily diet included respectively more than 8 oz. of wheat, between 4 to 8 oz., less than 4 oz., or none at all, the respective incidence of prematurity was 3%, 6%, 15% and 20%.
Other workers have shown that if a mother rat is deprived of vitamin B1 during lactation, the growth of the young will be retarded or will stop altogether. It is therefore not unlikely that vitamin B1 may be important in pregnancy, and that a lack of it may influence the fcetus or cause thinning of the decidual membranes. If the growth of the foetus is in this way retarded, the question why so many Indian babies are born small and feeble may be answered.
Dr. W. Cramer said he was surprised that Professor Cowell should have thrown doubt on the relation of vitamin B to gastro-intestinal functions. The most obvious post-mortem appearance in a rat kept for some time on a vitamin-B-deficient diet was an enormously dilated stomach, always completely filled with food; this indicated some interference with the mechanism of emptying the stomach. Other naked-eye appearances were the atrophy of the intestinal wall and of the lymphoid tissue throughout the body, including the Peyer's patches. His (the speaker's) own observations agreed with the statement that the passage of food through the small intestine was not delayed, and that strips of intestine immersed in Ringer's solution contracted spontaneously, although, owing to the atrophic condition of the intestinal wall, these contractions were less powerful than those of normal strips.
The large intestine was always filled with impacted fseces. The fact tLat white bread caused constipation, which was relieved by a change to wholemeal bread, was known to clinicians long before vitamins were discovered. That this was not due to the mechanical action of the bran was shown by the fact that the constipation was also relieved by germ bread or by yeast which did not contain bran, but were rich in vitamin B. That the absorption of food was impaired by the absence of vitamin B had been shown by Dr. J. C. Mottram and himself in 1922.
Dr. G. Bray said that some years ago he had written a paper on vitamin-B deficiency in infants (Trans. Boy. Soc. Trop. Med. and Hyg., 1928, xxii, 9) . At Nauru, Central Pacific, 45% of the infants born in a year died before their first birthday, and he had shown that this was due entirely to a deficiency of vitamin B in the mother's diet. Vitamin B was added to the mother's diet and every infant from birth was given each day a teaspoonful and a half of " toddy yeast " (the yeast which grows in the sap of the coconut spathe). As a result the infantile death-rate dropped from 450 per 1,000 births to 92 per 1,000 within a year, and this figure had been maintained during the five succeeding years, while the birth-rate had increased by 60%. Also during the last six years there had not been one case of maternal mortality in an average of 65 births per year.
These facts are shown in the following graph: 
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Dr. C. L. Cope referred to a case of glomerulonepbritis with severe " nepbrotische Einschlag " in a youth aged 19, in whom severe cedema of 50 to 60 lb. was resistant for eighteen months to the usual treatments with diuretics, high protein diet, intensive alkali treatment, &c. This youth was given by mouth large doses of an extract of autolyzed yeast rich in the vitamin-B complex. On the day following the first administration of the vitamin, the urine output rose from its previous average of 75 oz. per day to about 120 oz., at which level it was maintained for several weeks, whilst the body-weight fell by from 5 to 7 lb. per week until only a trace of cedema remained. Coincident with loss of cedema was a rapid fall in the previously high plasma-cholesterol, and a rise in the albumin fraction of the plasma proteins, the globulin remaining constant. In three out of five such cases treated with large doses of B complex a marked diuresis has ensued, with subsidence of the cedema. It is suggested that in long standing cedema of nephrotic type a condition of B deficiency may tend to develop as a secondary complication and may help to aggravate the general metabolic disorder and the cedematous state.
The President said that, speaking as a clinician, the picture one saw when watching cases of beriberi or pellagra in their acute phases, was one of acute intoxication. He had some difficulty (and he had said the same thing for many years) in reconciling this positive side of the picture with the negativistic theory postulated when one spoke of the avitaminoses or deficiency diseases. He had always believed that there must be a positive factor in the production of the clinical manifestations, a factor which, perhaps, only came into play in the absence of a vitamin. This possible other side of the subject had been rather overshadowed by the work on vitamins.
He was glad that Professor Peters had laid stress on the fact that the symptoms in the Bl-deficiency disease in experimental pigeons were functional and that they reacted within an hour to treatment. The term "polyneuritis " was a misnomer, the gross histological changes which had been described had nothing to do with the symptoms. He had seen the same head-retraction in pellagra as Professor Peters had described in pigeons; it was a symptom possibly indicating the approach of the convulsions which might occur in acute pellagra. This and other toxic symptoms might clear up with a dose of castor oil! He had been interested to hear of those cases of animals in which symptoms failed to appear on avitaminic diets, failure ascribed by Professor Peters to idiosyncrasy. Much light might be shed on the question if the nature of this idiosyncrasy were known. He thought a closer study of these unusual cases of pellagra associated with gross organic disease of the gastro-intestinal tract, with alcoholism, &c., might help considerably in the elucidation of the problem.
